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In recent years the sUid^ o.’ the electrtcfl 
propertle* of dielectrics ot hi(-h frerucncieu hr.s beco’ e in- 
cresslnfiy laDortant, Ar.onf these electric' 1 ;ro.;crtiefl of 
dielectrics loo® rnd ,>orer factor arc th® forc- 

oost th> t asust be taio^n La orcujr to correctly uelect n 
neterisl for i» civen erplicctlon, Whitfther.di r id pcnj others 
have i3*de extensive studies and hnve don«' e.:nsicer«ble re- 
search in this field of dielectric chrrscteriatics. 

Various networ<<e end instJ'usents such u» t'o C 
y®tcr,^ the Twin t I»pt d4«ncc Keaeur'ng Network,^ Gid the 
Susceptence Veriatiori iethod^ heve been developed which 
provide f relative aessurfflcnt of dielectric loss and noter 
factor at high frequency. However, none of these c n b» 
properly considered ss a ctand'ii'd instriroent. The need 
for a standard of low porer factor at high freqPencierj ex- 
ists today to taka its pltce along with the low fre'ueacy 
standard developed by XouHenhovf.n and Berbcrieh'*' in Dfl, 
in t If; field of feii;j:lnecriug basic s ondards o. -oasure .rot, 

A study efthe nroble'n of devflo >L.. ■' ■ st^ne’erd of 
low power factor at hig'' frequencies hep teen > dw In t''c 
Llecti'lcel Jnrino-rir.g Fepsrt ent of The Johns Hojkins 
tniversity. An expcrincntsl isodel of sue'' t standard has 
been c.x:istructec and the results of tests to date indic'>te 
that the lnstrUiT,er»t is at least a prototype o*' t’ic nt&''ed 
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The requirement# 8«t up es o ba«ie upwi vhich the 
af oreneationed study »«* Bade ere: 

(«) The design of the etanderd is to bo 
e.vplicftble in the one Eegecycle to thirty 
negacycle frecniency range. 

(b) The standard is to be capable of ai«u~ 
lotlng a dielectric over the range of power 
factors fro» ,002 to ,0002 when inserted in 
a Ksaauring bridge or network. 

(c) The design is to be applicable to an 
Inctruracnt which will operate under potentials 
up to 2S kilovolts. 

In addition to the foregoing It Is to b© pointed 
out that power factor osoasurlng networks and bridges mav bo 
either of the two teraiaal or three tcrainol typo. The Q 
Ueter^ snd the Twln-T lapedanc® Measuring Fietwork^ are ex- 
RKples of the two teralnsl typo, whereas tho circuit de- 
veloped by Cmienskl, Sitt, and Chapsian® is a three terainel 
network in which the guard electrode applied to the dielectric 
ssffiple is tho only electrode at ground potential. 

The cxperlKentnl standard of power factor that has 
been couple tod is designed for use In two ter® Inal type net- 
works and to operate across a potential difference of *000 
volts. The principles involved ere applicable to a standard 
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for UB« In a three twrcslnai network, and It would Rerely 
t*ec!uire a aodiflcatlon to the shielding to pemit the expert- 
■entnl standard to be used in thlc type of power factor 
eeasuring circuit. 
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THEORY AND THE BASIC CIRCUIT OF THE STASDARD 



Inasmuch ne a dielectric specinen can be nost 
aatlsTactorily repreaented aa either a aeries or parallel 
coeibinatiOD of reaiatanoe and capacitancef a cos;bination of 
these elenents wes the obvious choice around which to dc-, 
sign the circuit* 

It is a well known fact that the resistance of a 
conductor will vary with frequency, due principally to skin 
effect. To avoid possible error due to variation in resis- 
tance, it wae decided to base the design of the circuit of 
the standard upon the aasiaaptioa that the actual power being 
dissipated in a resistor could be precisely measured. The 
accuracy of the standard would be then dependent upon tho 
precision with which power dissipation could be measured 
rather than upon an assumed accurate knowledge of resis- 
tance, A large part of this paper will deal with power 
dissipating elements for use In standards of power factor, 
and it will be seen that the decision to employ the wore 
basic quantity, power, eliminates nsny engineering and de- 
sign difficulties. 

The basic circuit assumed in the study, and that 
employed in the constructed experiaeatal standard, is shown 
in Figure 1* All currents are assumed to be root wean 
square values* 
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Figure 1 

C5]^ is a high voltage precision condenser nnd is the capaci- 
tance datorraining element of the circuit. The power factor 
of this condenser must be neglig:ible coapered to the power 
factors to be simulated by the circuit as » whole. 

S i* the power dlsaipetlng element, and the aforesentioned 
power that is to be measiired will be equal to the square 
of the current through this branch, tima the ef- 

fective resistance of the element. 

roprasents a variable array of condensers shunting the 
power dissipating element, ysriatlon in C»> will alter 
the aacuat of the total current which flows through the 
power dissipating eleraent end will provide a range of 
power factors obtainable with one such cc'ibinatlon of 
circuit elements. 

Considering the condensers coplctod in Figure 1, 
the specifications for C^seaUioned above, ar® set by several 
precision vacuum condensers cossEiercially available. In 
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regard to Cg, it «es pointed out by Kund^ thrt if it is of 
Buch higher ralue of capacity than the equivalent capacity 
of the entire circuit is to a very olooo approxination equal 
to that of condenser Cj^. This is also proven In the next 
part of this paper. Furthermore* suppose that the equivalent 
parallel resistance of condensers Cg, is as loa as one Ecgoha, 
This also will have a negligible effect upon the accuracy of 
tha circuit, since the resistance of the dissipating element 
Bust be in the order of magnitude of five to ten ohai as is 
shown in the following section covering c ssatheiBetlcal 
analysis of the basic circuit. The shunting condenser group 
therefore, need only to be nede up of co»jaercially available 
condenser# of good quality. 

The two stray quantities that can affect the cir- 
cuit of the standard of power f set or to such an extent as to 
ffl&ke its reliability open to question are stray capacitance 
shunting Ci, or the entire circuit, end residual inductance, 
thile these quantities can be made negligible by good design 
end by proper shielding, they will nevertheless be present 
and their effects must be known. This is partlciilerly true 
of stray inductence which will ceuse a variation in the 
effective equivalent capacity of the circuit with change in 
frequency. This effect is also considered in more detail in 
the mathematical analysis, and is seen in the tests of the 
experioental standard. 
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i5ATnE1«ATICAL ANALYSIS OF THP BASIC CIRCUIT 



It ia convenient to subdivide the mathocuitical 
analysis of the basic circuit of the standard into the two 
following parts* 

A* A study to deterffiine th« values of the 
high voltage capacity, resistance of the 
power dissipating elemont, and capacity 
range of the shunting condenser group to 
fulfil the requiresente of the stnndard, as- 
suming perfect components and neglecting the 
effect of stray capacittmee end residual in- 
ductance* 

B. An investigation to deternine the effect 
upon the characteristics of the standard of 
deviations in the roalstance of the power 
dissipating element and in the capacity of 
shunting condensers from the values deter- 
mined by the first part of this analysis* 
Also in this investigation the stray effects 
will be considered. 

Part A* To facilitate this enelysis the foregoing basic 
circuit, Figure 1, can be matheoetically converted into an 
equivalent parallel circuit. If we set up the expression 
for the total current, I* 
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( 1 ) 



whcroj E ia the root B«on cquere value of the voltage 
applied to the circuit 

R ia the ohH»ie realatence of the power diesipatiag 
elei^ent 

it ia only a BP.tter of algebra to rearrange Ecuatioa (1) intoi 




( 2 ) 




where 




( 4 ) 




Tho at&ndard of power factor cen now bo represent- 



ed by a very simple equivalent circuit as ehown in Figure 
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Pigur* ? 

For the ebove equivalent circuit the expression for 
the power factor, PP, 1» 

f2 

PF Efiautr . fe s 1 

Reactive Volt-Anperee ” oj Ccq Req 

Before proceeding let us again cxaaine the require- 
neats of the actual basic circuit. It Is necessary to vary 
the ratio of power to reactive volt-aeperes between the limits 
.002 to .0002 (assume for the Instant at one particular fre- 
quency) by adjusting the current through the power dissipat- 
ing element, R, which is in turn accoapllshed by varying the 
shunting capacitance, C?. The magnitude of the total current, 
I, will be, to « rough approxlnation, determined by the 
capacity of the high voltage condenser. Cl. The question 
then becomes, what ere appropriate values of resistance of the 
power dissipating element snd shunting capacity to oaploy? 

In particular, whet coablnatlon will requlrs a satisfactorily 
snail variation in Cg to obtain the required range of power 
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factor* fro* the atandard? 



Let UR aasun*,to obtain an approxLmationt 

I = ■ 1 jcJC, K • a constant 

joCi 

This current of eiaimitude |l| ulll divide at the 
junction of R and Cg (Figure 1) as Indicated in tha following 
ainple diagrasit 




In other aorda, the vector aum of and ICg must 
alwaya be ecjusl to I, the total current, and if this is 
asauncd to be constant the locus of the total current vector, 
a* Cj> is varied from zero to infinity, will be a quarter 
circle* It Is readily seen from Figure that a greater 
relative decrease in I|^ for a given change in Iqj occurs 

when the angle f , indicated in Figure 5, la greater than 45 
degrees* 

If »e now ossume, coatlnuing the foregoing 
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epproxljsatioa, thst at a power factor of ,902 for the staadardt 
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«• can »oXve for an approximate relatlonahip involving the 
frequency, the roaletaocc of the power dleslpatinif!: elenent, 
the capacity of the high voltage condenser, Biid the power 
factor value of *002, 
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(7) 



also, continuing the foregoing assunptionj 



R = 




= 1 
wCg 



frw which Is obtained the following expression for the de- 
sirable lower Unit of shunting capacitance, Cj>, at the 
aasuaed frequencyi 







( 8 ) 



The foregoing slT.plifled calculations end Equations 
(7) and (8) assume a determined value of the capacity of the 
high voltage condenser, Ci, and a specific frequency of 
operation of the standard of power factor. The capacity of 
the hi^ voltage condenser »ust bo small for the practical 
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reason of liiaitinf the total current that »111 flow through 
the Instniaent* Aseualng a different frequency would obvloua** 
ly change the results of any orelisinary calculatlone employ- 
ing the aboire equations* Rather than cemtinue any discussion 
of this Batter, it is believed that the utility of the 
Equations (7) and (8) as •starting points" will becoae appar- 
ent In the following procedure used in nnklng the design 
graph for the experiaentel standard of power factor. 

InasBuch as a satisfactory condenser was available 
for use as the high voltage condenser with a loser ll«it of 
capacity of less than six nicroalcro forads this value was 
assumed for Cl* A frequency of SO aegacycles was selected 
as what wight be toraed "the center design frequency" for 
the standard* Substituting these values into Equations (7) 
end (8) the following values for the resistance of the power 
dissipating eleaent and for the lower Halt of the shunting 
capacitance, were obtainedi 

8 = 5.S oh«e 

Cg - 1600 ralcromicrofBrsdo 

Kith the above value of resistance and assvaaing 
values of shunting capacitance ranging upward fro* 1600 «icro- 
microfarads the data shown in Table I was obtained by co»pu- 
tations eaploylng Equations (4), (5) and (6) and: 

Power - (3) 
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wh«r« the roltage across which It was decided to operate 
the experiaeotal standurdf is ?^000 volts. 

Table I 

resign Caleulntions for the Expcriaentel Standard of High 
Frequency Power Factor 

Cl •• 6 alcroslcrofarads 
R s S.?> ohms 
£ « SOOO volts R.y.S. 

Frequency m 10 aegncycles 



) 


Power (Watte) 


Power Factor 


1500 


6,78 


.001597 


S500 


5.09 


,00118 


5500 


2.87 


.000847 


4500 


2,09 


.000616 


5500 


1.55 


.000458 


Frequency s aegacycles 




1600 


15.6 


,t)0199 


2500 


7.17 


,00106 


5000 


4.F 


.00062 


4600 


8.71 


.0004 


5500 


2.01 


.000277 
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Frequency % 70 aegeoycles 



1600 


18.7 


.00184 


2500 


8.4 


.000826 


5000 


4.6 


.000465 


4500 


2.87 


,000282 


6600 


1.95 


♦000132 



Frequency » 6 negecyclee 
Gg • 1500 ■Icroaicrofercde 

Cl (jU/Jf ) Power (Watts) Power Factor 



6 1,59 ,00094 
10 4,45 ,00157 
15 9.97 .00P46 



Tbe above data ere plotted on the deal^ F^aph for 
the etendordf Figure 4. A study of the ip'aph shows that with 
tbe chosen value of the resistance of the power dlaslpetins 
elesentf and with a eaall extension of the ran^e of shunting 
capecltancof Cg, the etondard Ideally could be expected to ful- 
fil the requlresents over the 20 to fO megacycle frequency 
range with the high voltage condenaer set at six elorosicro- 
farada (Curves 1 end 2), Furthermore the graph indicates that 
the power factor requlrettcnts would be partially met «t lower 
frequenciee by Including in the operation of the standard a 
provided for variation In the capacity of the high voltage 
condenser. (Curve 4). 
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CALCULAT.CD POWEK IM WATTS i 



It is to bo pointed out th«t the foregoing study 
was sade for the sole purpose of determining suitable ealuea 
of circuit cottponents with which to construct the expw'icental 
standard of power factor* Perfect, xmvarylnf, resistance of 
the power diaelpating eleeent was asauned and stray quantitiea 
ware naglected* Helther the abowe aaaueption, nor iptoring 
stray capaoitanoa and rasidunl inductance, la Juatlfied in a 
ooaplete or eatiafactory analysis* 



Part D. To begin thia part of the ttsthenatical study, which 
deele with the effect of rarlatione in valuea of circuit co«~ 
ponents and stray quantities, it Is neoesaary to conalder egaln 
Equations (4), (5) and (0) fros the wlewpolot of the actual 
operation of the standard* 

*«, = »(^+ 1)2 + «) 



_ BCg(l -I- g 



Ceq 



^(tsf + l) 



+ 



co-^Cl^ R 



( 8 ) 



Power - 

Req 



( 9 ) 



The power being dlaalpated by the standard, apecifled 
by Equation (9), Is a physically aeesured quantity, and will be 
known with an aocuracy dependent upon the precision of the 
power seasuring technique enployed with the power dissipating 
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W« can ther«for« conclude that Ineofex es the pover 
le eoncemod any change in actual power dlecipated due to 
varlatioas In circuit perajaetere will not be a eource of In- 
herent inetruKent error* 

Ex&Klnatloa of Equation (10} ^ given below^ which is 
the operating equation of the standard, points Inaediately to 
the line of Investigation that oust be carried out* 

Power Factor = . ,f SPf.r. (10) 

E‘ uj Caff 

where Ceff la the actual neesured value of the equivalent 
oapaoity of the circuit, which wa will aeauxe for the tine 
being is Identloal to Ceq* 

It is clearly evident that Ineofer as the accuracy 
of the atendard of power factor is eoneemad, the aquivalent 
capacity. Caff, (or Ceq) is the deteralaing factor* fe oust 
first tlierefore, carefully exaaiae the effect upon the equiva- 
lent circuit capacity of variations in powtr dissipating 
eleaent resietmce and in the shunting capacity* It is to be 
recalled that the high voltage condenser. Ox, auat be of high 
preoiBion and with negligible conductance, which was a basle 
aaaunpticHi* 

Values of the equivalent capacity of the circuit, 
aasusdng wide variations in the aforesentionad paraneters, 
hare been calculated using Squatlon (6), and the results are 






t 



• ♦ * “ 


^1 l( 'V*4,t 


J • - 




- 1 1 - "% 


1 • « c f • * X^^VVU (Li 

« » t i %jl1i ■■■Mktf 


4 1 • » • • » 


“' 3 •iAl't i»4 < 


1 

9 

• 

• 

» 


♦ •«<^ W# *9 » ««i 




^ M •••^ ^'v*^ ffmmA V -- 


Iia; 


^ios4 

1 ^ .«•.> 


- ’ • • 


odi# ^ • ft 4 4^ - 1* 


r>- • * 


i ^ m* * m M^m ,41^ ' tr n f Jl Q 

• •• • %i 




3* ^ ill ft 




. - fti V Imhm m to 


^ir t •#• « * 


• •* 1 

* ■ tv • • 4^^V^iiii^ iop*)Ot: 


4» • • 


-. — -. »«a^T ll _ '•-■ii #)iHVf« 


.. , .t ^ 


'J t • ^ t*|4«« 




« ‘ ‘ f* ■> . ,»;J»f J . )L> •» 4 mt,m-t 



,Mft r' 



« #L • 






^1 ^ (t. 'v V Altlt 'i>^»# 


»%■•• • • ^ • 


.’ 0C ^ r-»< rw-. 



shown In Table 11^ belowt 



Tsblw IX 

Calculated Equlralent Capacity of the Experimental Standard 
of High Frequency Power Factor 

Cl = 6 mlcroalerofarads 

oj s frequtsicy In radians per second 

R resistance assuBed for the power dissipating 
element In ehas 

Tabulated ralues for Ceq are in Rlcroslcrofarads 
C2 - 1200 mioronlcrofarads 





5 






EO X 106 


6. 93985 


6.98974 


5.37715 


eo X loc 


5* 93654 


5.97973 


5.97226 


90 X 106 


6.938Ja 


e. 97557 


5.97115 


180 X 106 


5.96645 


6.97296 


S. 97054 



Cg - S600 Klcroalcrofarads 



50 X 10® 


5.33643 


6.99292 


5.99055 


60 X 10^ 


5.99462 


6.990S2 


5.93010 


90 X 10^ 


6.39277 


5.99025 


6.99005 


180 X 10® 


5.39155 


6.98987 


6.93000 
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C^, - 6000 nicroBloroferads 






?0 X 106 


5.937S1 


S. 99445 


5.93408 


CO X io6 


5.0354£ 


5.99412 


5.99402 


90 X lOC 


S. 99472 


5.99405 


5.99401 


180 X 10® 


5*93165 


5.99401 


5.99599 



This tahul&tion ahoss that tha differanoa batsean 
tha aquivalant capacity of tha circuit and tha capacity of the 
high Toltaga condanser ie extreeiely 8 i£b 11 over wide v&riationa 
in power diaaipating aleaent raalstance, frecjiumcy, and capacity 
of ahnnting condenser. Differencea are eo aaall In fact that 
an extrasely accurate asathod at aquivalent capacity callbretion 
of the standard would be naeaasary to oaka theo detectable 
from an average value. 

If tha hi^ voltego eondenter^ Ci>, ia ahxmtad by 
stray capacity, ©r If there is stray capacity shunting the en- 
tire circuit it Is evident that this stray capacity will be 
directly additive to the foregoing calculated values of 
circuit equivalent capacity. This will obviously cause the 
eharaet eristics of the instrusent to depart froa those indi- 
cated by the design graph. Figure 4, unless the stray capacity 
la eoKpenaated for by a reduction in the capacity of the high 
voltage condcnaef. 

Aa a final consideration the effect of residual 
inductance in the inatrunent and its connecting leads can be 
calculated. If we consider the wjulvalent capacitive end 
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inductive circuit to be a* shown in yigure 6i 
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or the effective capacity of the circuit, Ceff, is given by 



Ceff = 



Cec 



1 • oj L Coq 



(n) 



and rearrftngiag Equation (11) w© can eolve for an express ion 
for L, the residu«d inductencet 



L = 



1 ( i^Qss. ) 

> ' Ceff ' 



(le) 



co'^eq 

The utility of Equations (11) and (12) will bo 
desonetratsd l«ter, in the analysis of the results of tests 
Bade on the experioentel standard of power factor. It will 
suffice to say here thnt Equation (10) indicates that the 
effective capacity of the circuit will Increase with fre- 
quency unless residual inductance Is oaintained at an ex— 
treaely low value. Incidentally Equation (11) is identical 
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with that used by the Geaernl Radio Coapany^ and othera to 
calculate the affect of residual inductance In preclalon 
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POWER tilSSIPATISG TLtMElSTS - Gi'IlERAL 



la the preceeding seotions of this paper It »«■ 
•peolfled thftt the power dieaipetlng elcoent of the high fre- 
quency standard of power factor wmild be so designed as to 
peralt the accurate laeasureRieat of actual power. To achieve 
this objective considerable study and exp$ri»ental work: was 
carried out. The following were basic conalderatloas which 
vers considered as having to be nett 

(a) Only straight or uncoiled vires of 
moderate length could be used to obtain the 
required resistance for the power dissipating 
element. This is necessary to keep residual 
inductance to a isinimum. 

(b) Any connecting leads or vires to the 
pover measuring apparctus must be so arranged 
as to allov a minlBun of coupling betveen the 
circuit of the standard itself and the power 
measuring device. 

The most obvious, ai\d probably the most satisfac- 
tory, method of determining the pover dissipated In a resis- 
tance is to stcBSure the heat developed when a current flows. 
It was decided to employ this baoic principle in the power 
dissipating element. 



An ideal type of power dissipating element was 



proposed by Dr. 0. Prank Miller, «nd would conprlss a thln- 
walled Ktotal resistor tube into which an insulated thermo- 
couple is inserted to about mid-length of the tubs from the 
base (or low potential) end. If an appropriate meter or 
galvsnotteter is oonneotsd across the two free ends of the 
thermocouple (which extend out of the tube), the deflection 
of this meter upon flow of current through the resistor tube 
will be proportional to the amount of heet generoted. This 
is simply employing the thenso-slectric forced in exactly 
the same manner in which it is employed in radio frequency 
saseters that are coaaercially available in m»ny types, 
rsnging up to precision instrumonts costing several hundred 
dollars* Considering a power dissipating element of this 
type, the meter to the thermocouple could be readily cali- 
brated to indicate the amount of power being dissipated in 
the resistor tube. 

Unfortunately, sinple preliminary calculatlcais 
based upon nichrome as the material from which to construct 
the resistor tube, showed that to obtain a tube with resis- 
tance of about five ohms and of length six Inches or less, 
the well thickness and diameter wotjld have to be exceedingly 
small. Such tubing would be difficult to procure end employ, 
and the power dissipating elcmetit would be very fragile. 

Two nethods of employing the above principle but 
obviating the objectional structural features of the thin 
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actal tube ««re postlble. 

(a) The raalstor tuba could ba built by 
placing a thin metallic film on a ceraaic 
tubCf to the cnda of vrhioh are fitted elec- 
trode* for connect Ing into the circuit of 
the standard* This metallic fils could 
easily be placed on the ceramic tube by the 
"sputtering process"!^ or by the uaa of on* 
of several chemical solutions that when ap- 
plied) and baked to remove the solvent) de- 
posit a good quality adhering film of 
mstal,H»i^ A platinum fila Is believed to 
hold proala# for this type of z'esistor inso- 
far as obtaining the desired value of re- 
sistance* The jimcticn between the electrodes 
and the plated ceramic tube could easily be 
electroplated to ensure good contact* 

(b) The second adoption of the above prin- 
ciples) and tiu&t employed in the experimental 
standard of power factor, is that of replac- 
ing the resistor tube with a resistor wire 
which is terminsted at the low potential end 
by a low resiatance conducting tube of siaall 
(but avsilable) slae* Into thia tube the 
thermocouple is inserted ao that the Junction 
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l8 locote<} Bt the jvmction of the tube end 
resistor wire, by employing this method the 
thermocouple junction is located at e relative- 
ly "cool* point end la therefore subjected to 
only a sample of the eaximum teaperoture 
generated, Ae will be ahomn in a following 
section this method proved to be completely 
eatiafaotory. 

Another type of power dissipating eleoent that is 
of entirely different design hes sho«n great proaise not only 
for use in a standard of power factor, but also for use in 
other applications where precision measurements of small 
amounts of power or ctirrent are required. This device, based 
upon ea idea presented by Dr, Johjn J, Chapsan of the Johns 
Hopkins University, consists essentially of a thermometer, the 
liquid of which is a good dielectric, end into the hulb section 
of which a filament is installed in exactly the manner as is 
in a small light bulb, the heat generated when a current is 
passed through the filament Is transnlttod to the dielectric, 
causing it to expend with a consequent rise of its level in 
the thermometer capillary tube. The SKOunt of rise of the 
level of the liquid in the capillary tub# can be calibrated 
directly Ijn terms of power dissipation in the fllaEont* Pre- 
liminary experiments with this type of device indicste that 
it is particularly suited for use in a standard of power 



factor deaijgTied to t®#t low Toltaga bridges or network*. 

H**lator Material Ch»rftctTl*tIca 

Before proceeding with the description of the ocn~ 
struGtlm of the power di*al mating olesaent eaployed In cxperl- 
Bcntal standard of ptwor factor it Is cf interest to consider 
in wore detail the charecterletics to be considered in the 
selection of the resistor materiel. The study of this was 
Bsde investigating the following points: 

(a) Is it possible to obtain the requisite 
resistance combined with long life power dis- 
sipsting capability without resorting to ex- 
cessive lengths or configurations th'-t will 
add excessive residual inductance to the 
circuit? 

(b) lhat is the effect upon the operation of 
the standard of the verlatlcn of resistance 
with temperature? 

(c) T^het will be the action of skin effect, 
considering tl» circuit as a whole? 

Wlien one considers the problera of building » power 
dissipating element of snail size and capable of dissipating 
up to ZOO watts or more (as is necessary in power f:tctor 
standards that are to operate In the ?0 to kilovolt range), 
tungsten ns a resistor material is indicated because of its 



high point «nd osneequent good power dlesipfiting 

capacity. Any auch high power eleaent nuat be In an eracuRted 
onvelopef or better still. In an inert atatosphere* At the 
lower voltoge lerele, such as thnt for which the experloental 
standard of power fector wss designed, nichrose is « good 
reaistor Baterisl. 

The following is a brief outline of the study 
aade of tungsten as a resistor oaterlal, and will illustrate 
the invastlgatioa of the aforsaentioned points? 

(a) Kebistance and power. 

The power input characteriatica^^ per centi- 

aetsr length of .010 inch diaseter tungeten wire 

et P600® Kelvin arei 

Voltage .301 volts 

Current. G.10 j^nperes 

Power 5.56 watts 

Life 16?.0 hours 

From which; 

Resistance per centimeter = .146 ohse 

Length accessary for S.Z ohms = 56 centlBeters 

Po'^or cftpectty of the above length = wetts 

The above would yield e dissipating elescnt 

capable of handling the required power. The 

length borders upon bocoHing excessive when 

inductive effects aro considered. 

(b) Variation of resistence with temperature. 

Consider the generally accepted expressions 
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for the resistcnce, r , of « conductor, and the reflotivity, jj , 
Trom which it iJ derived:^® 

i 

^ ~F *X” where i = length 

A = croes eectlcmal ariMi 

+ «(Tx - To)] 

where T = abeolute tesperature In 
degrees centigrede 

For tungsten!* 

^ = 5,61 «icro~ohB centlBeters 

at ^ = 20° centigrade 

.0045 

If ve essuee that when the standard is registering a power 
factor of ,002 the tenperature of the resistor is 2500® 

Kelrin; and by assuming teaperature propcrticmal to power, 
the tewperature at ,0002 power factor will be ?S0° Selvin. 

R.QQ2 _ I A Fl cx«fT,002 - To) ] 

R,0002 ~ J'/^ [1 (xJt. 0002 ~ To)] 

A 

= 1 .0045 X 24^0 _ 

where the subscripts 
denote ouantlties at 
,00? ftsidJOOO? power factors. 

To eraluate the effect of this variation in resistance re 



«ust look into the j>ower relationshlpet 
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or> 



iH.oor. _ / 3.0 \ h 
Ih. 0002 ~ 'n.es/ 



(1.7)^ = l.?l 



This indicRtea that a much axallar chnug« in our- 
roat t'xrough tht> resistor ia neoeasary to effect 
ft tea-X’old ow'agfe in p-ower when the resistor h*s 
a lar({8 tespcrature coefficient of resistivity 
than woiild bo necessary If the reslstsace regain- 
ed constant (in which case the ctjrrent ratio eculd 
be ilO = ?.18), This is very desirable in that 

It makes necessary a saaller variation in capacity 
of the eliunting condenser, G", to effect « ^Ivan 
chsn^o in power facto? of the standard. 

(c) Skin effect. 

■ In this qualitative discussion of skin effect it 
will bo esBused that the standard is being es- 
ployed at one pf?rticular frequency and that its 
power factor la being varied fro« »03f to .0002, 
as before. 

The effective high frequency rssletnnca oX' a 
wire depends upon the pares eter:^® 



so 



<T >Ao <x^ where jji = peraoabillty 



Fron tho prceeadiag discucsiou on ths e’rect of 
temperature on res let since 



^.0002 

In the c«*6 where cx^ la large the eff ectlee re-» 

> 

alatence rarica ea tines the direct current 

real stance. Therefore coQaiderLnj^ the ratio 
of effectlYs reaiatancee It Is scon th^t this 
will be the rntlo of the direct cur-ent resie- 
tanoes multiplied by the square root of the retie 
of the c induct Iwities, that Isi 



cT = conductivity 
a = radius of the wire 

CJ = ?TTf 
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Reff .0002 R.0002 
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at a particular frequency. 



But it was previously shoant 
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Therefore «e Me th«t skin effect teude to offset the de- 
sirable increaae in realatance with increasing teoperature* 
This howeTer» be a benefiolal effect » because , suppose 
due to the teupereture effect: 

lR.0002 

We would have a situation where we could not set the standard 
to provide a definite desired value of power factor. It 
would still indicate correctly, but it would theoretically 
select its own power factor to simulate. 
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DETAILS AMD TEST OF THE POMER DISSIPATIWO IZDim 



A» waa stetad pravioualy,^ the power dissipating 

alenent eaployed in the experlBcntal atond&rd of poaar factor 

is of the theraocouple -> resistor wire type* The imaadiate 

STailablllty of niohrono sire dictated this as the material 

froia ehlch to construct the resistor* A sketch showing the 

essential details of this elenent is shown in Figure 6* 

The data on the wire f ron which the resistor was 

uade is given belovt^^ 

Manufacturer! Wilber B* Driver Coepany, 

Mewark* New Jersey 

Trade none of wire! "Tophet C" 

Sise! Suaber 5f (*0071 inches in disBeter) 

Resistance! 15.59 oh«s per foot at SO® Centigrade 

Current versus teaperature and resistance characteristics! 

Degrees C. i 20 100 5(K) 400 SaO COO 700 

Asperes i .452 *SC5 ,71S *900 1*05 1.13 1.53 

Resistance ' 
nultiplying 

factor xl.OOO 1.019 1.045 1.0C6 1*085 1,035 1.110 1.114 

(continued) 



Degrees C, ! 


800 


900 


1000 


Aapsrcs i 


1.65 


1.81 


2.10 


Reslstnnce 
omltlplying 
Factor i 


1.125 


1.152 1.145 
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POWER DISSIPATING ELEMENT 
EXPERIMENTAL5TANDARD OF HE POWER FACTOR 




UPPfR TETRniNAL 



V 



N/CHROME RL'5I3T0R WIRE 



note: : supporting 
structure: for. 

THIS ELEMENT iS 
SHOWN .ON 
FIGURE r 



JUNCTION OF 
THEWMOCOUPLEj 
/ RESISTOR WIRE^ AND 

THFRMOCOMPur TUBE 




figure: 6 



Th« wires cwsprlsiag constsntln-^hrooiel therao- 
couple were Insulated froa each other and fron the therao~ 
couple tube (except at the Junction) by bakellte varnish 
ehich was applied by dipping and then baked ea prescribed 
for the specific insulating aaterial. tests after in- 
stallation of the thermocouple indicated that the insola- 
tion was satisfaotox'y* 

fief ore this power dissipating elfseant could be 
oansldered satisfactory for use in the standard of power 
factor, it was neceaaary to deter«iine If the "sample* of 
teeperature rlae above room tesperature subjected to the 
themocouplc junction when current heated the resistor 
wire would wary with oonditioas at the base* (Such es 
base being in contact with a good or poor heat conductor, 
etc*)* The effect of air currente varying the tquillbri- 
tua temperature attained by the resistor is eliminated by 
the fact that the elasont would be completely enclosed in 
a metal electrical shield when installed in the standard* 

Tests were made to determine the effect ot the 
differ«K3t bese arrengesente mentioned above* The power 
dieslpatlag element was enclosed in a temporary aotal 
shield that extended from the base to a point about two 
Inehae above the upper terminal, and the base in turn was 
placed on two metal bloolcB* Good metallic contact wes 
enaured between the baae and shield and between the base 
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and a«tal »uj>?orting block*. The following c<Mditicn* were 
lapotsdf durlne which reeding* of * therraocouple meter ver* 
taken when current heeted the wlrei 

(a) 7!lth the dMient situeted a* described 
above* 

(b) Kith the shield and blocks thernally 
insulated from the base by f/Zf* cork 
Insulstion. 

(o) With good Ketallic contact between the 
shieldf basSf and blocks, and the bass 
blocks surrounded by aaltiag let* 

Tha results of those tests are given in Table III 
Before any set of readings was tak«) the apparatus was al- 
lowed to reach an equlUbrluiR eonditloni the thermocouple 
Meter was then cot to scro deflection position end current 
applied to the circuit* Between Individual readings th* 
appsratue was allowed to return to its equilibriUM condition 
and in a few cases it w&s neceseary to *re£sro" the meter* 
Direct current was employed to provide the power input, end 
the polarity of the voltage applied to the upper terminal 
is indicated in the tabulated rcsulta* For Ion values of 
power Input a wall galvancMieter was used as the thermo- 
couple meter, end at higher powers a Unipivot portable 
galvanoMeter wee employed. This letter Instrument is sat- 
isfactory over th# power range (2 to 18 wetts) for which 
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th« povar difiaipatlag alcaont ma designed, end it is of 
Msall else end convenient to transport end use* 



Table III 

Hasults of the Base Ccmdltlon Tests of the Kxperlsental 
Standard of JUgh f’requenoy Power Factor 
Test A > Kith good metallic contnet between the base, 





shield. 


and eupporting block# 






Meter - 


Leeds 


and Hcrthrup wall gelvanomet®; 


Volte lere 


Aaoeres 


Katts 


Meter Deflection 


Hatta/Onit 


+1,46 


,S6 


.577 


5.12 


.lao 


+1.45 


• t>6 


,577 


5,10 


.1216 


+1.45 


.'^6 


.577 


?.10 


.1216 


+1,45 


,P6 


.577 


5,16 


.1137 


+1.45 


.26 


.577 


5.12 


.1210 


+1.45 


.26 


,577 


5,10 


,1216 


+1.45 


,26 


.577 


5,08 


.1225 


+1.45 


.26 


,577 


5.12 


,1210 


Averages 


♦ 577 




.1212 



Waxlnua Deviation from Average _ *lglg~»X197 
Average Vfatts per Unit Beflactlcm ~ 1»24% 



Test B « Conditions the sane as Test A except the 
polarity ofthe voltage «aa reversed. 



Volta <je 


Anperes 


Katte 


Meter Deflection 


WattsA-nlt 


-1.45 


.26 


,577 


2.88 


.1510 


-1.45 


.26 


.577 


2.85 


.1525 


-1,45 


,26 


.577 


2.31 


,1235 


-1.45 


,26 


,577 


2.02 


.1231 


-1.45 


,26 


.277 


2.30 


.1500 



Averages 



577 



1504 
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Muxlwmi Deviation frow Averagt _ 
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Teat C >- Conditions the eeune as Test B 



-4.?!9 


.750 


5.158 


22.52 


.1405 


-4.50 


.725 


5,113 


21.80 


.1450 


-4.29 


.726 


5.110 


21.70 


.1455 


-4.26 


.720 


s.oeo 


21.50 


.1425 


-4.24 


.726 


5.077 


21.45 


.1455 


-4,25 


.722 


5.070 


21.52 


.1440 


-4,24 


.715 


5,050 


21.20 


.1450 


Averages 


5.055 




.1427 


Kaxitsuta 


Deviation from 


Averai’* _ .1427-. 1405 

^ s sirtr* 


= 1.61 



During Test C It ««« noted that the power source (f dry 
cells) vss inadequate to maintain steady voltage and 
current during the time required to tskc readings. It 
was considered that Test C was questioiiebla, end Tost 
Df under the same conditions was m&de using six batteries. 



Test D - Conditions the ss®e «8 Test B 



4.40 


,74 


5.266 


22.25 


.1461 


■4.40 


.74 


5.256 


22,50 


.1469 


4.40 


.74 


5.256 


22.50 


.1459 


•4.59 


.74 


5.248 


22.50 


.1457 


■4.58 


.74 


5.240 


22.50 


.1452 



Avsrages 5.S51 .1458 



ysxlBUa Deviation from Average _ ,1458-. 145<! 
Average T»atts per Unit Deflection .1458 



« 



41 ^ 



Teat E - Itlth good icetalllo contact between the 



baaoy ehield, and supporting blocks* 
Supporting blocks in aelting Ice. 

Meter - Leeds and Horthrup wall galvanoaseter 



-4.58 


.74 


5.241 


22.40 


.1446 


-4.58 


,74 


5.241 


22.50 


.1452 


-4.57 


.74 


5.257 


22.20 


,1468 


-4,57 


,74 


5,257 


22.50 


.1450 


-4,57 


.74 


5,257 


22.50 


.1460 


-4,57 


,74 


5.257 


22.50 


.1450 


-4.54 


.75 


5.170 


21,90 


.1448 


-4.54 


.75 


5.170 


22.10 


.1425 


-4.52 


.75 


5,150 


22.10 


.1426 


Averages 


5.215 




.1446 


Maximin Deviation fro« Average 


.1446-. 1425 _ . 


Average Katts 


per Unit 


Deflection 


.1446 



Test F - Conditions the sasc as Teat E 

Meter - Onipivot portable gelvanomoter 



-8.25 


.1.54 


11.07 


13.1 


.579 


-8,20 


1.5SS 


10.04 


13.0 


.576 


-8,15 


l.SS 


10.82 


19.0 


.670 


-8.10 


1.52 


10.63 


18.6 


.578 


Averages 


10.88 


18.3 


.576 



Maxlnun Deviation froia Average 
Average Tfetta per Unit reflection 



.576>.fe70 

.576 



1.04Jt 



Test 0 - Kith good »etsllic contact between the basey 



shield, and supporting blocks. (Melting ice 
reaoved) 
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Uniplvot portAble g«lT«noseter* 



-3.2 


1.24 


10.93 


13.2 


r*7^ 

• vA f A 


~8,12 


1.64 


10.7Z 


19.0 


.664 


-e.i£ 


1.62 


10.72 


18,6 


.£76 


-8.10 


1.616 


10.66 


18.6 


.676 


-8.04 


1.61 


10.51 


18.4 


.676 


Average# 


10.72 


10,7 


C7« 

• VIA- 


«»axistu>!i Devietloo froia 


Average 


,572-. £64 


Average 


ITatta 


per Unit Cefleotlon 


.572 



Teat fi - ISith cork thensally Insulstluft the baae 

frta the ahield and the Bupportlng blocks. 
Meter - Oniplvot portable galranosseter 



-S.Of 


1.51 


10.52 


18.6 


.569 


-8.00 


l.SX 


10.43 


18.4 


.570 


-0.00 


1,61 


10.40 


10.6 


.67? 


-8.00 


1.205 


10,57 


18,2 


,569 


-7.94 


1,29 


10.24 


18.0 


,560 


Averages 


10.42 


18,5 


,670 



Maxlmm Berlatlon f roa Average _ « 57?^ .570 _ 

Average Wette per Unit reflection .670 

Teat I - Conditiana and aeter the aaaie aa Teat H. 



—7 .92 


1.29 


10.21 


18.4 


.555 


-7,00 


1,28 


10.12 


18.1 


.558 


-7.87 


1,28 


10.08 


17,9 


.56? 


-7,05 


1.276 


9.90 


17.9 


.568 


-7,60 


1.27 


9,91 


17.8 


.556 


Averages 


10.06 


18.02 


.858 


SioxlEura Deviation fro» Average 


,56?-. 650 _ 


Average 


Ymtts 


per Unit 


Deflection 


.558 
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While the resulti of the above test indicate 



that the power dissipating clement la perfectly satif~ 
factory for use in the standard of power factor. It la 
of interest to examine some of the results more closelyt 

(a) A coapariaon of the averages of Test 
D with those of Teat E aekea It appear 
that the melting ice aro\md the bane lower- 
ed the average watts per unit weter de- 
flection. However, in the tests at a high- 
er power level. Testa P and G, the effect 
is reversed. It therefore can be conclud- 
ed that the ice condition st the base is 
not responsible for the observed verietions. 
A more likely conclusion is that the numbsr 
of readings taken In each test is Insuf- 
ficient to obtain a true average snd that 
the differences arc due to reading errors, 
etc. 

(b) The results of Tests G end H indicate 
that the effect of thermal insulation is 
negligible. 

(c) The differences la the average watts 
per unit meter deflection between Tests A 
and B, and between Tests H and I, show 
definitely that the polarity of the direct 
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current volt«fi® hns on effect* Tbla hud slao 
been noted on enrller trials of the oleaent 
and Is attributed to the voltage drop along 
the weld &t the Junction of the theraocouple 
and thcrtaocouple tube. This voltage drop ap- 
pears in tlio thernocouple ctrciiit* This sane 
effect had been observed to a very pronounced 
degree In an experlnent with a power dissi- 
pating element in ahich the tube forraed one 
part of the thersiocouplei while «t the sane 
ti«e performed the eaa© fuactiojj as In this 
elenent of beirjg the tomlnntlon of the resis- 
tor wire. Also in a In which the therao- 

couple was electrically insulated fross the 
tube at all point* the change of polarity of 
direct current voltage had no effect (but the 
iastruKient waa such less sensitive) . It is to 
be expected that no trouble should be experi- 
enced fro® the above with alternating current, 
(d) The percentages of »«xiBum deviation 
fro» the average of the watts per unit deflec- 
tion is in all cases acceptably sjaall. The 
variatlona iii the average watts per unit da- 
flecticHi as the power level was changed (sight 
indicate a sjsall change with power. 



The date and the deecriptlon concerning the actunl 
celibretion of this power dissipating eleeent are included ia 
the eection of this paper concerning the calibration of the 
standard of power factor as a whole. It will suff ice to say 
her© thnt the agreement with which the results of Teste F, 

0, fl, and 1 of this eection fitted the actual calibration 
curve were aost pleasing. 






titt ^ 



^ lAA U 

«»rw III* 4» 

l»l 

)m 6m* « m*9 



iU0B tnm 



tin t 4i» «i 







COHSTRUCTiJfl A!iE CALIBP.AIIOH OF THE EXPERIMOTAL 
STANDARD OF HIGH FP.ECOENCT POi.FR FACTOR 



In thia section Rill be described the details of the 
various components of the oxperiaental etandord and their as- 
sembly into the completed instrume.nt , The calibrations that 
were carried out end the results of these calibrations are 
also included here. A cross-sectional drswing of the assem- 
bled device is shown as Figure 7, to enable the reader to 
obtain an accurate picture of the structure! and operational 
ftaturea, Inasauch se the power dissipating cloeeat was 
adequately discussed in the preceeding section, this oonpon- 
ent (except for its calibration) will be only briefly treated. 

The High Voltage Condenser, 

A vacuuK variable condenser fflonufectured by the 
Jennings Radio Manufacturing Company, Sam Jose, California, 
was obtained for use as the high voltage condenser. The 
variation in the capacity of this clement is obtained by 
vsrj'ing the separation of two cup-Bh«ped "plates* by nean* of 
a aioroaeter-type capacity adjuster extending downward fro» 
the end of the lower terminal. This condenser is enclosed in 
an evecuated glass envelops (the outline of which Is shown in 
Figure 7), at opposite ends of which are located the connect- 
ing terminals. Such a tcrosinal arrangeaeat is considered 
Ideal for use in the standard of power factor, in that It 
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[XPERIHENTAL STANDARD OF. H.F. POWER EACTOR 






SMIELDtD COrVNCCTlW(| 
CABLE 



COfslNEc TINQ CAP 



(JROUND CONMECTION 
SerWEEN SHIELD OF 
STaiHDABJ^ and 
shield of CONNECTIN^t 
CABLE 




Hiqn voltage terminal 



^ JHICH VOLTAqe CONDENSER^ C, 

UPPER SHIELD 

CONDENSER LOWER TERMINAL 
CONNECTlNq adaptor 
H.V. CAPACITY ADJUSTER 

Polystyrene insulator 
UPPER terminal or 

POWER DlSSlPATjNCj ELEMENT 
SWITCH CONNECTINQ BUS 

SWITCH BLADE AND CONTACTS 
(CONTACT Supporting structwre 

SECURED TO LOWER SHIELD^ 
SHUHTlNq C 0 NDEN 6 ERS,Q 



SUPPORTING STRUCTURE TOR 

POWER DfSSiPATINQ ELEMENT, R 



LOWER SHIELD 



RESISTOR WIRE 



thermocouple TU&E 



BASE 

BASE SECURING NUT^ 

LEADS TO thermocouple METER 



X 



3CALE : z full Sl^E 



FIQURE 7 




proTidea a atraight path for currant flow through tha unit. 
Uenufacturer’a data: 

Type: 

Serial nu»ber« C-208 

UfixiHua ccpacityx Sr.S nlcromicrofarade 

?JinlmuE? capacity: 6.0 aicroaicrofarada 

When tested in the Twin-? lEpsdance J'.esBurlng fiet- 
work (General Radio Coapany), this condenser «:hibited un- 
detectable conductance, a condition that is aandctory for 
use in this application. 

This high Toltage condenser ia electrically connect- 
ed to the upper terr.inal of the power dlasipetlng cleaent by 
Beans of the cmnectlng adaptor which fits around the nicro- 
aetcr-type adjuatw and clcapa to the condenser lower terainal. 
This connecting adaptor also aerres as the sole structural 
support for the high voltage condenser. 

The Power Dissipating Eleaent, R 

The thermocouple-resistor wire power dissipating 
element, the dataile of which are also depicted in Figure 7, 
Bskea connection to the lower cad of the connecting adaptor. 

The heater wire and the upper tensiaal of thie element are 
rigidly axipported with respect to the base by the non-conduct- 
ing supporting structure shown in the figure. 

The Shunting Condensers, Cg 

To provide variation In the value of shunting 

» 

capacity paralleling the power dissipating element, it was 
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dteidad to Lasorpomte in the in»tru»ent « switching errangw- 
««nt whereby selected eelneB of fixed cepacltance cowering 
the renge indicated by the design graph, figure 4, could be 
inserted into the electrical circuit without disassembly of 
ths standard* Five 1000 niorcaiorofarad snd three 500 alcro- 
•icrofarad cowsercisl sllwer-sica condensers aero used to 
build up this variable capacitance. 

The Shunting Condenser Switch 

This device is comprised of a switch blade made in 
the foro of a 1&5 degree sector which is rigidly fastened to 
the upper pert of the supporting structure for the power dis- 
sipating clesent, and a set of ten contacts nounted in an in- 
sulated supporting structure, also covering a 166 degree 
sector* attached to the inside of the lower shield. Electrt- 
oal ccHiQSOtioa beteeen the switch blade end the upper tcrainal 
of the power dissipating element is aado by the switch con- 
necting bus. The shunting condensers are Installed between 
the terminals of the switch cc»itact8 and the shield as shown 
in Figure 7* Operation of the switch is achieved by loosen- 
ing the base eecuriag nuts and rotating the baee with respect 
to the shield* Turning the base thus, rotates the power dis- 
sipating aleiaent, the high voltage condenser, and the ewltch 
blade, and cauaes the switch blade to make connection with an 
increasing nunber of switch contacts thereby paralleling an 
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incrtoBlng: nuabsr of the siiuntiug condensers wltU the power 
diesipetini; sleioent. Around the oircu*ferenos of the base 
Bkre eagrevsd tea Bnitoh posltlona which when aligned with 
sa index line on the lower shield indicate: 

Switch Posltica in HicroclcroffiradB 



1 

2 

5 

4 

6 
6 

7 

8 
C 

5 



1000 

1500 

2000 

2500 

JS'OO 

4500 

5600 

6600 

0 (Switch open) 
Power disslpsting 
elewent le short 
circuited 



The *C’* switch position (switch open) is normally used when 
calibrating ths power dissipating aleTieut, as will be ex- 
plained later* 



The Shield 

The circuit of the experlisentel standard of power 
factor la enclosed in a cylindrical brass shield which is 
eade in two coctiensy labeled the upper and lower ahlulds in 
Plguro 7* The purpose of aaklng the shield in tno eectioas 
was solely for ease in asccsbliug the standard. Good 
electrical contact is insured between the base end the lower 
shield* aad the lower and upper shield by close- 

fitting siachlned surfccta which sr© held together by secur- 
ing devices. It is to be noted that stray capacity between 



the shield &nd upper pleta and terminal of the high volte g« 
condenser will be an additive (;uantlty to the c<iuival«nt 
oapccity of the circuit. Oa the other hand stray capacity 
between the lower terminal of the high voltage condenaerf 
adaptor* aeltch blade* etc.* and the ahiald* will only be 
additive to the shunting capacity. 

Calibrfition of the Power Dieaipfttlng Flsiseat 

For C£librj?tion of the power di5sipc.ting eleaient, 
the standard was completely aseambled ea shown In Figtire 7. 
The switch was set to the "C" position on which setting 
there is no shuntinr cspaclty psrnllcling the rocictor 
wire. Connecting loedc were run from a cnllbratine: taminal 
on the switch blade end frors the h»‘re to the aeters and the 
power source, which rss the regulcr 60 cj'Cle, 110 volt 
supply reduced by a trensfonner end a vsriac. The Dnlpivot 
galvcnoaeter was eicployed as the therrtocouplc seter. 

A schematic diagram of the meter connections is 
shown in Figure 8, belowi 




Figure 8 
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The ainceter reeli^tence w»8 listed on the instrunent 
as .2824 ohns. 

The data obtained is tabulated In Table IV, and is 
shown plotted as the Poser Callbrstion Curve for the standard 
in Figure 9. In addition, the values obtained when the Onipivot 
galvanojaeter was used in the base conditions test of the power 
dissipating eleaent ere plotted In Figure 3. Thee® points show 
close agreeisent with the 60 cycle alternating current calibration. 

Table IV 

Power Calibration Data for the Experiaentel 
Standard of High Frequency Power Factor 



Volts(V) 


Aaperes(I) 


Deflection VI 




Katts 


Watts 
Unit Def 


9.78 


1.497 


25.1 


14.65 


.1135 


14.51 


.578 


9.68 


1,612 


26,1 


14.94 


.1207 


14,8? 


.668 


9«94 


1.52 


26,5- 


15.12 


.1215 


15.00 


.670 


4,65 


.74 


6.0 


• * 1 %^ 


.0580 


5.57 


.662 


6.11 


.816 


7,0 


4.16 


.0650 


4,035 


.584 


5.01 


• 80S 


7.2 


4,04 


.0645 


5.98 


.662 


7. 26 


1.127 


14.7 


8,16 


.0300 


8.07 


.565 


7.25 


1.156 


14.6 


8.25 


.0907 


3.16 


.560 


8.10 


1.25 


18,0 


10.15 


.1000 


10.05 


,672 


7.80 


1.21 


16,7 


9.44 


.0365 


3.54 


.560 


8,60 


1.52 


20.0 


11.55 


.1054 


11,24 


.562 


5.50 


.546 


5,0 


1.80 


.045-6 


1.76 


.585 


5.32 


.657 


4.1 


2.50 


,0609 


2.46 


.636 
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4. CO 
5.40 

6 . re 

C.85 

7.11 

7. CO 
0.00 
e.4f. 
8.63 
9.P5 
9.eo 
0.78 

10. or 

B,TS 
8.75 
7. PS 
e.57 
5.10 
4.54 

4.00 
,52 

5.01 
?.60 
1.03 



70^ «* 
• r 4 V 


5.8 


5.5B 


.0587 


5.52 


.564 


.857 


7.9 


4.C26 


,0684 


4.56 


,677 


.375 


10.7 


6.10 


.0778 


6.02 


0 


l.OCP 


12.3 


7.52 


.0855 


7.2? 


,661 


1.102 


14.2 


7.64 


.0381 


7.76 


• 545 


i.iei 


16.0 


3.97 


.0942 


0,86 


.655 


1.P41 


17.3 


9.05 


.OJ30 


3.85 


.580 


1.500 


19. e 


10.97 


.1040 


10.87 


.566 


1.561 


21.. 5 


1?.10 


.1087 


11.99 


,565 


1.4P1 


25.0 


15.20 


.1154 


15.03 


.669 


1.476 


24.6 


14.5? 


.118 


14.21 


.578 


1.486 


25.5 


14.57 


,119 


14.45 


.575 


1.526 


26. C 


15,50 


.122 


15,18 


.571 


1.427 


?2,3 


15. 5 S 


.1140 


15.24 


.632 


1.545 


20,2 


11.74 


.1072 


11.66 


.676 




14,0 


8.10 


.0635 


8,01 


,575 


.992 


11.0 


6.5? 


.0792 


6.24 


.567 


.007 


7.0 


4.11 


.0642 


4.06 


.578 


.721 


G.O 


5.275 


.0575 


** 

V. % K 


.557 


.644 


4.6 


2.58 


.0514 


2.55 


.560 


.67$ 


5.4 


2,02 


.0460 


1.30 


.579 


.48 


2.1 


1.445 


.0585 


1.41 


.663 


.41 


1.5 


1.025 


.0??7 


.33 


.ecl 


.50 


.6 


.597 


.0?40 


.'7 


.718 
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PpWfR INPUT »N WATTi 



Th» Effrctlvo Capacity Calibration and Eotertinntion of the 
Reaiduftl Inductanoe of the Standard 

The testa to dotemine the effective capacity, Ceff, 
of the high frequency standard of poaer factor were asde ea- 
ployiag a Type 160-A C Meter ssamif&ctured by the Bontoon 
Radio Corporation, Bontoon, h’ew Jersey. This iustruu:* nt was 
used in the prescribed Manner for xeasurlng the c pnclty of 
sraell condensers, that is: The lastrjicer.t *t&3 first tuned 
t^ith the connecting lesds in place but the standard of power 
factor retaoved, and then rctuned after connecting the stand- 
ard to the lerds. Th« difference in the setting; of the Q 
Sister tuning ccadensers to effect the sbov© retuclng is then 
c direct nnesure of the effective capacity of the stendard 
(within the Units of accuracy of the Q Meter). The high 
roltaes condenser In the st«5nd%rd was set to its Kinimusa 
vnluo of capacity and readtuga Tore taken with the switch 
set at various vclues of shunting cnpeclty, Cp, mid ?.t vari- 
ous frequenciee. 

Throe distinct effective caoftcity Bsasurinc tests 
were nr.de with this netcr: 

(e) ?nth thp shielded coanectlng lesd con- 
nected as indicated in figure 7, but the lead 
shield grounded only at the Q t’otcr. The 
shield o’ the standard of power factor was 
grounded to the Q Meter by s bus attached to 
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th* b«6« of the standard. 

(b) With the shielded connecting lead at- 
tached; and the lead shield fomin? t^e ground 
connect lea between the to,7 of the shield of 
the standard snd the C Meter, as shown in 
Figure 7. 

(c) h'ith the comioctions t)tfs aentj ns those 
described in subpnrRjjrnph (b) , &bove, but re- 
tuniof the Q Meter with the vernit*r tuning 
condenser only, after insertion of the Kti*r>d- 
erd of power factor. The reason f or this 
test will be discussed in a following p&rt:- 
grsph. 

The results of the test with connections «« outlin- 
ed in the preeeediag subparagraph (a), indicated o veriation 
in effective caj>acJty of the standard frcia 7.1 sicroalcro- 
fareds at a frequency of ten Ecgacycles per second to 1J.8 
Eicroffiicrofarads at thirty megacycles. This test was defi- 
nitely unsatisfactory from the point of view of acceptability 
of the standard of power factor. The reason for this radical 
variation in the effective capacitj? was strcn^^ly suspected 
to be caused by residual inductance. The loop forcr.ed by the 
connecting leads in this test was relatively largo. 

The connections used for the second testing of the 
standard radically reduced the size of toe loop forced by the 



connectiono, and th© results «orc nuch Koro fsvorablo. Table 
V(&) ehowe the dr.ta obtsined in thi« tc0t« 



TRblfe VU) 



Lffective Cupticlt^ Cftllbr.'>tiou Late 
Ksperitacsital btendara c.r High i rt.,uency 



for thfc 
i- ow. r Tacvcr 



j'recueucy 

in 

cegacycios 
ner second 



l.Cf active ccw&olt> in 
(sicrofflicrof '^r'ida 
(Averc-goB of R 
nur^ber of reodlnra) 



b 

3.5 

11 

12 

If 

14 

15 

16 
17 
16 
22 

25 
24 

26 
27 
23 
fO 



7.0C 

7.04 

7.12 

7.02 

7.0c 

e.02 

7.00 

7.07 

7.20 

7.20 

7.24 
7. IS 

7.25 
7. *3 
7.40 
7.62 
7.35 



V;hile the above results 'aere definitely ®o!*e 
satisfactor.\ fron the point of vis?r of overall v&riation la 
the effective capacity, the vsrt;vticn fron fre''v,eney to 
frequency when plotted showed undesirable variAtlone which 
should be acccuatsd for. It was realized that the variotioni 
in questi(3n are In the order of r«*gaitud,e of the listed 

p 

accuracy of the Q Meter, and e Kanlpulation of ths n®t«r 
tualne condenser diala et the IS eegacycls frequency setting 
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(ifith the standard of porr«r factor connected) indicated that 
abort a ona-fiftb elcrooicrcf&red verirtlon in capacitance 
readinf would aocur at two different settings of the »aln 
tuning' dial within the «ix sicrorolcrofarad range of the 
veraier tujilng condenser. A further check indicated that 
the range cf the vernier tuning condenser <mj the C looter 
could be extended to « little over seven Mlcro»icrof«irsds 
with t*essonable ecouracy. The third test »se then ccuducted 
at the lover frequencies where the previous test Indicated 
that the effective csyacity oftha standard was within the 
range of the U SJeter veraier condenser, with the following 
result SI 



Table ?fb) 



Frequency in Effect Ivs capacity In 

megacycles aicro^icrofarads 

ner second ( Individual readin,<;s) 



8 

• 9 
10 
11 
12 
15 
14 



6.38 

6.95 
€.96 

6.96 

7.04 

7.06 

7.08 



At no time during the tests was there e consistent 



detocteble difference in the »e«sured effective capacity of 



the standard of poaar factor with different velues cf shunt- 



ing capacity paralleling the power dissipating eleaont. 
This agrees with the results of the aatheaatical analysis 
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wherein 11 wea nhown th? t the dlfl’erences in the equlvelent 
c»paeit 7 expected trlth dliTercnt values of ehunting capacity 
ere of very small order of aftfpiitude. 

The results of the foregoing tests ore plotted 
as the Effective Capacity Calibration Curve for the Exirri- 
oental Standard of High Frequency I^o-rer factor, figure 10. 



PotorKlnatton of ’^estduv.3 laduct'cicu sad the Calculated 
Effective Capacity. 

The increase in the effective csoaclty vlt:i 
frequency, aa shotiia in the uncthejestical analysis of the hr etc 
circuit, can bo ncoounted for ty the action of ret^lcupl 
induotanco In tho? cir3uit» It ia con«idereu that t -a dif- 
ferenca in the r&sults cf the firat t'AO effective capacity 
raeaeurlng test justify the aeorsiption th. t t .e tncrcau® in 
effective capacity v;ith rre>.;uar)c; is crused by tlUe quant- 
ity, If «e employ Lquation (If): 



L 



— i (1 - 2^ ) 



(if) 



and trryfn a rtudy of the es jacity curve obtained by test o 

Figure 10, assuae: 

Ctif = 7.75 ffiicroaicrofarado at a 

frequency of ?0 segccycles 
par second. 
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FREQurNCY JN M£q/\CYCt.£S PER 5CC0M* 



Solvlfifj Kr|u«tloti (12) for the re»lc?u»l indnctcnie, L» it i* 



found 



L = ,45 aicrohenrI.es 

To verify the above aolutloa for the raaldunl 
Inductance It is only necessary to solve Eruetlon (ll}t 



Ceff = ^ 2 . 

1 “co^ L Ceq 



I'l 1 * 

Ul; 



(using the above values of Cec uJid L) for the calculeteu 
effective cn )eclty at a few points over the freruency range 
of I'.ir 5.nstnu*2ent . lablo VI gives the results of the^bs 
calculntiona. 



Table VI 

Ce.l<rUxtod Fffcctlvp Caurcity of the 
Experleontnl ?trr;ffrr of -lif-'h Frori’ency "'over Factor 



IV errancy In 
aegecycles 
• per second 

ir- 

is 

24 

zo 



Lff eutlve 
Gs.jBoity 

in Bicrcaiorc.l‘or&d8 



7.0? 

?.1S 

7.34 

7.76 



Th(» fo-"«goiiig .i'osuits are also plotted on the 
cslibretion chart, Figure 10, Although it Is considered 
that tho exneriifleatalXy determined curve f oilers the 
curre obtf.iued by calculation fairly wrll throufhout the 
frequeiicy renge, the alffiost perfect correletion of the 



points obtained In th* frequency ranj^e of B to 14 mega- 
cyciee, «hen only t’.ie vernier tuniofr condenser «as eanloyed 
OB the Q Keter^ Is particularly pleasing, 

Corjaiderini? everything, it Is believed tbat the 
Cftlibratloa curve obtained in the foregoing teats Is fair- 
ly sccurate, Forever, for the saite of precision a further 
celibi-atioa, or aCflrEsrtion oi’ the curve of effective 
capacity. Figure il, with a aore precise instrujceat than the 
0 Keter, la desirable. 

Method of Use of a Stend«rd of High frequency ^over ?®ctor 
To test the accuracy of e circuit tt'«t is need in 
tseosuriiig dielectric noeer factors, the standard e.ust be 
connected into the circuit in lieu of tbs dielectric and 
Its electroces. The regular on«r«tlng procediire for the 
circuit should be carried out ays Is used in r.casurlng di- 
electric properties, with the standard sissulatlng * dielec- 
tric saeple to b« tested. The accuracy of the circuit 
under test Is then detereilned by a coffioarison of the '^ower 
factor of the standard f,s indicated by the Pieesuring 
circuit, and the actusl veltxe of this ruantity as ;<r.OKn 
frcffl the power and capecitance callbratl'^n of th«j tlandard. 

As en exaffsole, consider verifying by p*v>cn8 of e 
standard the power fsetor teaeured by the circuit de- 
veloped by Dsnlenaki, Sitt, and Ch&pspnff Ihie circuit 
operates on the phenomenoss of tunliig n of-rtillel combination 



of incluct&nue Mnd cupaoitance to rosononce. 7ho tuning !■ 
fi.ccozai>ll«h(»d »«on» of « varioble procislon condenaer, 
first > without ths aomplo connected across the pcrallel 
circuit, and secwid, with the dielectric spociaen shunt- 
ing the above tank circuit. The difference in the capacity 
value of the tuning condenser to effect the t»o tunings of 
the circuit is a direct seasur© of the capacitance of the 
saaplo. The current that floes through the circuit each 
tl«e it is tuned to resonance is reecured, and fro® the 
difference of these two values of current the cond'uctr-nct 
of the dielectric specieen la easily calculated. The 
current raearurlng apparatus is connected between the lo« 
voltage Junction of the parallel inductance and cfpecl- 
tanee, and ground. For insertion into this circuit, the 
dielectric saeiplc Is asounted between an upper end a lower 
plate electrode, and surrounding this lower electrode (and 
In contact with the is « grjard ring which is main- 

talned at ground potential. 

As la obvious frcffl the foregoing, to test this 
circuit a three electrode type of otendurd previously 
aentioned would be employed. The upper and lower (base) 
tersinsls of the standard wotild be connected across the 
parallel tonic circuit in pinco of the dielectric eaisple, 
a.nd the shield of the standard would be grounded in the 
aaue asnaer as is the guerd ring. The accuracy cf the 



circuit would then be detersincd by coispnrlnjr the ■*o»er 
factor of the stenderd n« Indicated by the nersurin^ 
circuit, with th« power factor actually ejihibltod by the 
atandard under the resonance condition L’^poaen with it 
conaected into the circuit* 




n * 



•4 



0 »•••« 














f 




CONCLUSIONS 



Th« tt&ndard of high frequency po»er factor that 
h*a bean built varifie* the badlc theory upon which it nae 
ooneeiwed. It has been repeatedly referred to throughout 
this paper •« “experiisental", and perhaps the intended jrean- 
ing of thie word should be aaplified. The standard herein 
described i» ezparlaental in that It is the first coapleted 
device, end aa 18 the c&ee with practically every first 
atodel, the way Is pointed for an improved design. Happily 
in this case, little chanije in original concepts sre indi- 
cated. This coaplotcd standard was conotmcted with care, 
and with as aiuch attention to selection of the correct type 
of cooponents as the availability of materiel and tine per- 
mitted. 

Following the above trend of thought It Is con- 
sidered that a large part of the value ofthis paper will lie 
in pointing fhs way to the construction of the wore perfect 
standard of high frequency power factor, elthough no 
reason is seen why the experinentel siodel available will 
not do a satisfactory Job in the voltage level for which it 
was coRstnicted. 

A reducticxi in the residue! inductance of the 
stamcard is probably the "ausbor one" conslderetion for in- 
provement. Thia can be cchieved by reducing the overall 
length of the circuit, to ult: Obtain, or have specially 
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built, a high voltage condenser with thn saininur* poanlila 
lenifth c" connectinj^ «j.cctro(lfeu to tne oXj-Iws, aad to de- 
signed that the adapter can be ^lisiinatecs. The lengtl. of 
this Ofiae tyr)© of oower diasipoting oler^eut cen be greatly 
reduced, ehlle still RSintulnlng eufxioieut power diaal >&t- 
Ing capability by the use tuagstatt ia the reuistoi* #iro, 
Furthairsore there- are other tyoe# of poter diesipatcre em- 
ploying the sane basic idea — for example, Dr. Ghapcu>n*G 
themoMetar type* 

The other conaiderationa for the uitiaate 
standard can be grouped under the co-iinoa head big of Kcr.inr, 
it adept Able to all requisite uses and potential Icvela. 

It is very easy to foresoa a stend&rd at this type so 
Bsechenicaliy constructed fta to peralt the easy iasertion of 
a shield insulator at the lov potential end to seke it 
available for use ia a three terciuai iiCi»ork, In the ex- 
perimental standard the power dissipating element docs not 
perait easy repl«ec®ent . This feature can be Improved 
upon to the po5.nt where an assortiaeut of power units ?>re 
ftveilcllcj for reedy end oulek iiisertion Into the stfliidard, 
each with its aocclflc range of freo,uencies end power levels 
for which It will ceuee the st&nderd to provide krovn power 
fpctcrs. 

It is coiisidercd that Dy incoryo niting the fore- 
going sug,f 0 Btlons, a high quality crocision stfinderd of high 



fr«qu«ncy power fnctor, adftptnble to neny ccadltlonc, c«n 
be built based upon the theory and teolmlquco presented 
in this paper. 
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